B urn injury is unique in that injury severity can be quantified, enabling the use of formulas to predict survival (1) . Predicting survival is a key aspect guiding burn care choices (1) (2) (3) . Baux score, which was established in the mid-20th century, has been used to determine burn outcomes. Later on, during 1980-1990, various formulas based on burn size were developed to guide clinical treatment decisions (2, (4) (5) (6) . Ryan et al (6) identified risk factors and developed a model for predicting poor outcome based on a retrospective analysis of data from 1,665 burn patients treated between 1990 and 1996. Features of the injury, along with initial treatment and biochemical markers at admission and during hospitalization, were included in this model. Recently, a review by Hussain et al (1) revealed that, of all prediction models, only a few actually predict mortality reasonably well.
While predicting survival is important, a substantial difference exists between predicting mortality and the burn size predictive of morbidity (7) . Cutoff values are burn sizes that, at admission, can discriminate whether a patient with a given burn size is at risk for significant complications (7) . From a practical point of view, this burn size threshold should identify patients requiring specific interventions (e.g., early initiation of antibiotics, anabolic agents, or anticatabolic agents; more aggressive surgery; or use of innovative therapies) (8) . We have recently shown that in a large pediatric cohort, the cutoff burn size linked to greater complications and death in a specialized burn center is approximately 60% total body surface area (TBSA) burned (7) . This study was a single-center study and included only pediatric patients. To date, there are significant gaps in our knowledge of predictors of adverse outcomes after massive burns. This prospective cohort study was undertaken in six major U.S. burn centers to determine the burn size associated with increased risks of morbidity and mortality.
PATIENTS AND METHODS

Patients
This study was part of the Inflammation and the Host Response to Injury Glue Grant and was approved by institutional review boards of the participating institutions (University of Texas Medical Branch, Galveston, TX; Loyola University Medical College, Chicago, IL; University of Texas Southwestern, Dallas, TX; University of Washington Seattle, Seattle, WA; Massachusetts General Hospital, Boston, MA). Over an 8-year period, 573 patients meeting all inclusion criteria were prospectively enrolled. Inclusion criteria were as follows: age of 0-99 years, admission to a participating hospital no later than 96 hours postburn, and more than 20% TBSA burns with the need for at least one surgical intervention. All hospitals followed standard operating procedures set forth by the burn patient-oriented research core (9, 10) . Each subject or a family member provided written informed consent before study participation. Demographics, injury characteristics (date of burn and admission, burn size and depth, and presence of inhalation injury), and outcomes (infection, complications, and death) were recorded throughout hospitalization.
Outcomes
The primary objective of the study was to identify the cutoff burn size for mortality. Secondary objectives included determining cutoff burn size for prevalence of infections, sepsis, and multiple organ failure (MOF). Severity of disease was quantified using the Acute Physiology and Chronic Health Evaluation (APACHE) II score (11, 12) and the Denver 2 MOF score (13, 14) . We compared the prevalence of nosocomial infections, burn wound infections, pneumonias, positive blood cultures, urinary infections, abdominal compartment syndrome, acute respiratory distress syndrome (ARDS), cardiac arrests, atrial arrhythmias, and cerebral infarctions and determined the cutoff burn size. Mortality was recorded as prevalence, primary cause, and place of death up to 365 days after burn.
Disease Severity Scores. The APACHE II score data presented pertains to the Acute Physiology Score component of APACHE II, which assesses the degree of physiologic derangement within 24 hours postinjury. This score includes heart rate, respiratory rate, alveolar-arterial oxygen gradient, sodium, potassium, creatinine, WBC count, and Glasgow Coma Scale. The Baux score was calculated as the sum of age and TBSA burned. The Denver 2 score reflects patient status during the first 24 hours and is the sum of the following: pulmonary score (ranging 0-3, using Pao 2 /Fio 2 cutoffs of 100, 175, and 250), renal score (0-3, using creatinine cutoffs of 1.8, 2.5, and 5.0 mg/dL), hepatic score (0-3, using bilirubin cutoffs of 2, 4.0, and 8.0 mg/dL), and cardiac score (0-3, based on number and dosage of inotropes).
Infections. Nosocomial infections were defined according to criteria set forth by the Inflammation and Host Response to Injury Glue Grant standard operating protocols (15, 16) . Burn wound infection/contamination was defined as a burn wound culture resulting in at least 10 5 colony-forming units/g of tissue. Pneumonia was diagnosed with criteria present within a 48-hour period (15, 16) as previously published (17, 18) .
Bloodstream infections were defined as positive according to the conditions as previously published (17, 18) . Urinary tract infections were diagnosed when criteria were present as previously published (17, 18) . ARDS was diagnosed when all of the following (17, 18) were met within a 24-hour period: bilateral infiltrates (acute onset), Pao 2 /Fio 2 less than 200 regardless of positive end-expiratory pressure, and no evidence of left atrial hypertension (pulmonary artery occlusion pressure < 18 mm Hg if measured) or no evidence of congestive heart failure.
Statistics
We separated the patients into three groups based on their age (0-15, 16-65, and more than 65 years) and compared their baseline characteristics and outcomes. Data are presented as mean and www.ccmjournal.org April 2015 • Volume 43 • Number 4 sd and/or median and interquartile range for continuous variables. Comparisons were performed using a t test, Wilcoxon rank-sum tests, or analysis of variance/Kruskal-Wallis tests, as appropriate. Categorical data, which were summarized by frequencies and percentages, were compared using the chi-square or Fisher exact test as appropriate. We determined the TBSA burn cutoff point using various approaches for comparison: Youden index that maximizes the distance to the line of equality that is equivalent to maximizing the sum of sensitivity and specificity, minimizing the distance from the receiver operating characteristic plot to the (0,1) that corresponds to the highest sensitivity and specificity. A p value of less than 0.05 was considered significant. Using the cutoff obtained from these analyses, we performed multiple logistic regression analysis for each outcome, dichotomizing TBSA at the cutoff point and adjusting for age, gender, inhalation injury, and early Denver score dichotomized as greater than 2 versus 2 or less. For patients below 16 years, due to the low number of events for some outcomes and to adhere by the rule of 5-6 events (19) per variable in the model, we restricted the analysis to MOF and at least two burn wound infections outcomes. Goodness-of-fit for the logistic regression analysis was assessed using Hosmer-Lemeshow test, and linearity in age was inspected by graphs. Analyses were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC) and R version 2.15.1 (http://www.r-project.org/).
RESULTS
Demographics
Of the 573 patients enrolled in this study, 226 were pediatric (< 16 yr), 324 were adults (16-65 yr), and 23 patients were elderly (> 65 yr) ( Table 1) . Because of the low number of elderly patients, these patients were not included in the cutoff analysis; however, demographic and clinical outcome data for this population are presented in Tables 1 and 2 . Burn size and prevalence of inhalation injury were greatest in pediatric patients and lowest in elderly patients (p < 0.05 among groups for burn size) ( Table 1 ).
An analysis of clinical data revealed that elderly and adult patients had a significantly greater Baux score than pediatric patients, an expected outcome since these calculations include age as a factor. Pediatric patients had significantly fewer ICU days per percent burn than adult or elderly patients ( Table 2) . Denver 2 scores did not differ among groups, whereas APACHE II scores were highest in elderly patients and lowest in pediatric patients ( Table 2 ). As expected, cardiac events were most frequent in elderly patients followed by adults, whereas vascular events and abdominal compartment syndrome did not differ among groups ( Table 2 ). The prevalence of ventilation was similar among groups, whereas adults had the greatest prevalence of ARDS (Table 2) . Pediatric patients had a significantly greater prevalence of burn wound infections/contaminations than adult and elderly patients, but a significantly lower prevalence of pneumonia and sepsis (Table 2 ). On the other hand, the prevalence of nosocomial infections was comparable among groups. Mortality was highest in elderly patients and lowest in pediatric patients ( Table 2 and Fig. 1A) .
Cutoff burn Size Analysis
The cutoff burn sizes that discriminate between those who will or will not experience any given adverse outcome are provided in Tables 3 (pediatric patients) and 4 (adult patients). Youden index likely yields the most relevant cutoffs as it maximizes the overall discriminative power of the TBSA burn for the different outcomes. In pediatric patients, the burn cutoffs were as follows: 60% (TBSA burned) for MOF, 55% for the presence of at least two burn wound infections/contaminations, 85% for sepsis, 55% for mortality, 60% for ARDS, and 65% for pneumonia (Table 3 ). There were very few events for mortality, sepsis, and ARDS. Therefore, the cutoff points for these outcomes may have some variation. For adult patients, the cutoff burn size for MOF was around 50% TBSA burned ( Table 4 ). The cutoff for at least two burn wound infections/contaminations was around 45% TBSA, whereas the cutoff for sepsis was also around 50% TBSA burned.
Mortality had a cutoff of approximately 45% TBSA burned. For pneumonia and ARDS, the cutoff was about 35% TBSA burned. These results indicate that the burn size associated with an increased risk for severe morbidity is approximately 40-50% TBSA burned. In fact, when these cutoffs were added to various models, we found that they were significantly associated with their respective outcomes (data not shown). Looking at our cutoff from a different angle, Figure 1 B-E depicts the prevalence of patients with burns below or above the cutoff in the different age groups. 
DISCUSSION
This is the first study to determine cutoff burn sizes linked to severe adverse outcomes (sepsis, infection, MOF, and mortality) in burn patients in a multicenter setting. Predictors of survival were not analyzed, as this was done in various previous trials. The strength of this work is that it was carried out by six state-of-the-art burn centers following the same treatment protocols. Therefore, these findings may be applicable to other burn centers in North America or even globally. Another major strength is the validity of the burn size assessment and that all of the collected data were validated. We found that pediatric patients had the best survival, with survival being progressively worse in adult and elderly patients. This is not surprising and confirms various previous outcome trials (6) . The majority of elderly patients die within the 60-70 days after burn. Because such a low number of elderly patients were enrolled in this trial, they were excluded from the in-depth analysis. However, we can assume that the elderly have a much lower cutoff value for major complications and mortality than adults.
In this study, the pediatric subgroup was dominated by Hispanics and the adult subgroup by Caucasians. This is due to the fact that the majority of pediatric patients were enrolled by the Galveston Shriners Hospital and the majority of these patients are from central and south America. Whether ethnicity affects the cutoff value is not entirely clear, but none of the children had preexisting medical conditions or metabolic alterations, which are prevalent in the Hispanic population. Although a small percentage of these children were obese, as detailed in an earlier publication (17) , obesity-related complications were not manifested at the time of injury. Interestingly, differences existed among groups in gender, burn size, and prevalence of inhalation injury. Pediatric patients had the largest burn size and highest prevalence of inhalation injury compared with adult and elderly patients. However, because we analyzed the cutoff burn sizes within groups, we did not adjust for injury severity. Pediatric patients had the lowest Baux score, shortest length of ICU stay, and lowest APACHE II score. This was expected given that age is factored into some of these equations (1, 3, 11, 12) . Pediatric patients also exhibited the quickest wound healing, as reflected by shorter ICU stays. Children stayed in the ICU an average of 0.5 days per percent burn, which is remarkably short. In contrast, adults stayed 1 day per percent burn. It is worth noting that length of stay used to be almost 2 days per percent burn (20) , indicating that the implementation of protocolized care has shortened hospitalization.
Here, MOF was present in 27% of pediatric and adult patients but in 40% of elderly patients. One may speculate that children recover from MOF better than adults, as death was more than double in adults (8% in pediatric vs 17% of adult patients). These findings are in agreement with a recent single-center trial showing that the outcomes are dependent on the number of organs failing and which organ is failing (21) . Even more fascinating, however, is that almost all pediatric patients had burn wound infections/contaminations (94% of the patients), whereas only 55% of adults had burn wound infections/contaminations ( Table 2) . This difference could be true or it could be a reflection of the differences in standard of care at the pediatric hospital compared with the adult burn units. Burn wounds on the pediatric patients are routinely biopsied three times per week and during operations. Standard of care in the adult burn units, however, tends to include biopsying during operations at the discretion of the treating physician. Higher prevalence of burn wound infections/contaminations in the pediatric patients may be a factor of where the patients are from. Although many of the children are from rural Mexico, frequently living in substandard conditions, the adults are mainly from urban areas of the United States. In addition, only 2% of pediatric patients had signs of sepsis, whereas 10% of adults had sepsis. These data suggest that pediatric burn patients are better able to contain infections and/ or contaminations, whereas burn wound infections in adult patients lead to systemic sepsis. This is most likely due to the differences in the immune system (22) , which plays a central role in controlling infections and preventing escalation to sepsis. Pediatric patients likely have a better immune system than adults and the elderly, the latter of which had the highest prevalence of sepsis (26%). Lower sepsis in pediatric patients may also be attributable to differences in the inflammatory response after burn. Finnerty et al (9) have shown that the inflammatory response differs between adult and pediatric burn patients, with the latter having less inflammatory stress. This suggests that hyperinflammation leads to a higher prevalence of sepsis. As already mentioned, cutoff analysis was not performed for elderly patients due to the small sample size, which would not allow for a valid statistical analysis. Nevertheless, analysis of pediatric and adult burn patients revealed that pediatric patients had the highest cutoff burn size values: 60% TBSA burned for mortality, 60% TBSA burned for MOF, 50% TBSA burned for burn wound infections, and around 70-80% TBSA burned for sepsis. Supporting our findings is a recent study showing that 60% TBSA burned is a crucial burn size in pediatric patients leading to greater complications and mortality. Furthermore, we found that adult burn patients had a cutoff burn size of 44% for mortality, 46% for MOF, 42% for burn wound infections, and 49% for sepsis. Taken together, these results indicate that, in adult burn patients, 40-45% TBSA burns represent a crucial cutoff value for substantially increased risk of developing adverse outcomes.
One must keep in mind that all these cutoffs are calculated in high-volume burn specialty centers. Therefore, the cutoff burn size would most likely be even lower for low-volume, nonspecialized burn units or centers. Additionally, this study was not meant to create dichotomy, meaning that burn patients with smaller burns do not die. Adult and pediatric burn patients with smaller burns also have a risk of morbidities and mortality. The cutoffs in this study indicate the burn size in high volume centers that is associated with increased risk of morbidity and death. Third, this article cannot be used as a bench mark in terms of legal aspects or quality improvement initiative for the same reasons that are aforementioned. Fourth, we are not saying that only burn over the cutoff should be treated in specialized centers. Burn patients have very well-established admission criteria set by the American Burn Association and American College of Surgeons. These criteria are the main criteria for admissions to burn centers. The data presented within the article are by no means meant to be burn sizes serving as admissions indications. Finally, this is a prospectively collected database of over 500 patients as part of a multicenter trial. There are databases that have substantially more patients and could be used for burn size cutoffs in terms of acute outcomes (National Trauma Registry System) or long-term outcomes (National Institute on Disability and Rehabilitation Research). These databases have a lot more patients and therefore a lot more power than this study. Another limitation of this study (that might in fact be advantageous) is that enrollment was biased toward survivors (10) . That is, predicted fatal outcome at admission was an exclusion criterion, setting a true cutoff because all enrolled patients were expected to survive as predicted by the treating physician. Another limitation is the potential generalizability of our findings, given the evidence-based nature of the care provided and the degree of standardization across centers. Treatment protocols were developed for this study, and therefore, care of burn patients in the multicenter setup was similar.
In summary, the current findings confirm the greater mortality and complications expected with increasing burn size, with a significant discrimination being noted at around 60% TBSA burned for pediatric patients and around 40% TBSA burned for adult burn patients. Elderly patients had the lowest survival cutoff at around 30% TBSA, but the results from this trial are nonconclusive because of low patient numbers. These results are important, as they indicate the threshold for postburn morbidity and mortality in the modern burn care setting to be approximately 60% TBSA burned in pediatric patients and 40% TBSA burned for adult patients. These findings show that patients with burns at or above these cutoff values are at high risk for substantial complications and death, even in highly specialized centers, with the risk for morbidity and mortality increasing with burn size in a linear fashion. These thresholds should raise awareness about the profound risks for postburn morbidity and mortality and should be used to identify patients who would benefit from individualized treatments or even experimental interventions.
